Flow injection analysis (FIA) has proved to be a powerful tool for an automatic/rapid sample pretreatment and nonchromatographic separations prior to determinating of the analyte(s) by a variaty of detection methods. 1,2 On-line coupled of FIA and a nonchromatographic separation technique, such as dialysis, 3,4 precipitation 5 and coprecipitation, 6 liquid-liquid, 7, 8 or solid phase extraction, 9,10 is relatively straighrtforward and allows for an increase in the sensitivity or selectivity of FIAbased analytical systems, or both. 11 It is well documented that there is increasing interest for coupling FIA systems to atomic spectrometry (AS) for separation and preconcentration purposes employing microcolumns, mainly because of their simplicity of construction and operation. Also, FIA systems incorporating materials into microcolumns 12 allow for efficient preconcentration, matrix removal, reduced sample and reagent consumption, reduced risk of contamination and increased sample throughput.
Introduction
Flow injection analysis (FIA) has proved to be a powerful tool for an automatic/rapid sample pretreatment and nonchromatographic separations prior to determinating of the analyte(s) by a variaty of detection methods. 1, 2 On-line coupled of FIA and a nonchromatographic separation technique, such as dialysis, 3,4 precipitation 5 and coprecipitation, 6 liquid-liquid, 7, 8 or solid phase extraction, 9,10 is relatively straighrtforward and allows for an increase in the sensitivity or selectivity of FIAbased analytical systems, or both. 11 It is well documented that there is increasing interest for coupling FIA systems to atomic spectrometry (AS) for separation and preconcentration purposes employing microcolumns, mainly because of their simplicity of construction and operation. Also, FIA systems incorporating materials into microcolumns 12 allow for efficient preconcentration, matrix removal, reduced sample and reagent consumption, reduced risk of contamination and increased sample throughput. 13 The microcolumn packing materials applied to on-line separation and preconcentration systems include ion-exchange resin, 14 chelating adsorbent, 15 polygosyl bonded silica reversedphase sorbent, 16 activated carbon, 17 activated alumina, 18 fullerene C60, 19 nanosize TiO2, 20 and PTFE powder. 21 In our previous work, several chelating adsorbent-based silica gels had been synthesized and applied to on-line separation and preconcentration coupled with atomic absorption spectrometry (AAS) determination of the noble metals. [22] [23] [24] [25] [26] [27] [28] The peak-area absorbance was adopted as the evaluation mode because its precision (RSD < 2%) was better than that of the peak-height absorbance (RSD > 5%). This maybe due to the slower desorption resulting from the porous structure of the silica-gel surface.
Glass beads were widely used as suppot in chromatographic and biological analyses. [29] [30] [31] [32] Sylated glass beads had been used for the preconcentration of phosphor. 33 Triphenyl phosphine modified glass beads had been used for the on-line separation and preconcentration of silver. 34 However, the chelating group was sorbed on the support with physical action and the sorbent could not be used more than 200 times.
In the present work, amidino-thiourea immobilized glass beads were synthesized for the first time and used for the online separation and preconcentration coupled with an FAAS determination of silver. Both the peak-area absorbance mode and the peak-height absorbance mode were adopted for the evaluation. The effect of the length of the chelating group and the rigidity of the spacer of the chelating group on the analytical characteristics was also studied. The proposed method was successfully used for the determining of trace silver in three geological standard reference materials.
Experimental

Reagents
A standard stock solution of Ag(I) (500 mg L -1 ) was prepared by dissolving AgNO3 in diluted HNO3. Standard solutions of Ag(I) were prepared dy dilution of the standard stock solution with 0.5 mol L -1 HNO3 daily. Glass beads (80 -100 mesh) were a product of the first reagent factory of Shanghai, China. γ-Aminopropyltriethoxylsilane was purified by distillation at 123˚C/10 mm Hg. All acids and other reagents were of analytical reagent grade at least, and used as received. Distilled water was used throughout.
Synthysis of adsorbents
Synthesis of AGBs. Glass beads were treated by refluxing in 6 mol L -1 HCl for 3 h. They were then washed with distilled water until the washings were neutral, and were dried at 110˚C under vaccum before use. A 25 g amount of the pretreated glass beads was refluxed in the presence of 150 mL dry toluene with 25 g γ-aminopropyltriethoxylsilane for about 5 h. The apparatus was purged with nitrogen during the reaction. After cooling to room temperature, the amine-bonded glass beads (AGB I) were filtered and washed repeatedly with ethanol and water. They were dried at room temperature. A 5 g amount of AGB I, 5 g diamine (ethylenediamine, hexamethylenediamine, p-phenylenediamine, or benzidine) and about 30 mL of dry toluene were combined and refluxed for about 6 h, respectively. The products (AGB II -V) were washed with ethanol several times until the washings were neutral and dried at room temperature. Synthesis of AtuGBs. The ATuGBs I -V were prepared from AGB I -V in the same way as amidino-thiourea immobilized silica gel (ATuSG), described previously. 33 The synthetic routes to ATuGB I -V are described schematically in Fig. 1 .
Instruments
A 180-80 polarized Zeeman-effect background corrected atomic absorption spectrometer (HITACHI, Japan) equipped with a Model 056 recorder (HITACHI, Japan) was employed. The instrument settings were: absorption line, 328.1 nm; lamp current, 7.5 mA; monochromator spectral bandpass, 2.6 nm; burner position, adjusted by nomal nebulization of 5.0 mg mL -1 Ag(I); air pressure, 2.6 kg cm -2 ; and acetylene pressure, 0.1 kg cm -2 . All data were read from the 180-0205 data processing unit of the spectrometer. The signal recorder by the chart recorder was only used for monitoring the peak shape.
The FI system was composed of two LP-1 perstaltic pumps (KYKY eastern instrument Corp., Beijing, China), a 16-way rotary injection valve and a microcolumn (3 cm × 3 mm i.d., Zhaofa Institute for Laboratory Automation, Shenyang, China).
Preconcentration and separation procedure
The FI manifold is schematically shown in Fig. 2 , together with the main operational parameters. The blank and sample solutions were delivered by pump 1, and the eluent solution by pump 2. The operation sequence of the FI on-line separation and preconcentration of Ag(I) are presented in Table 1 . Time/s Function Table 1 Operating sequence of the FI on-line separation and preconcentration system for FAAS determination of the noble metals a a. A is the peak-area absorbance and H is the peak-height absorbance. preconcentrated, and the matrix could not be adsorbed and was removed in the step. The blank solution was driven for 30 s again to remove the matrix in the microcolumn. Figure 1 (b): After the sample-loading step, the injection valve was turn to the injection position, and pump 1 was stopped. Pump 2 was activated for 20 s (peak-height absorbance) or 30 s (peak-area absorbance) to drive the eluent solution into the microcolumn at a flow rate of 2.5 ml min -1 to elute the analyte adsorbed into AAS directly.
Method development
The manifold used for method development is similar to that proposed in our previous work, [28] [29] [30] [31] [32] [33] as depicted in Fig. 2 . All of the results were evaluated using both the peak-area absorbance and the peak-height modes. A univariate approach was used for optimization of the FI on-line microcolumn preconcentration and separation system. The parameters studied were the acidity of the sample, the thiourea concentration and the acidity of eluent, the flow rate of the sampling and eluting, accompanying ions and the analyte concentrations. The effects of the length and rigidity of the chelating group chain on the analytical characteristics were also investigated.
Sample pretreatment
A 0.5 g accurately weighed amount of the certified ore samples (GBW07204, GBW07205, and GBW07206) in a nickel crucible was roasted in an electric muffle furnace at 650˚C for 30 min, and dissolved in 10 mL of conc. HNO3 with heating on an electric hot-plate. The solution was filtered into a 25 mL calibrated flask. The filter paper and the residue were washed with dilute HNO3 several times and the washings were added to the corresponding flask. The volume of the filtrate was adjusted to the mark with water.
Results and Discussion
Influence of the chelating group chains
The analytical characteristics of the ATuGBs were investigated and the results are given in Table 2 . It showed that 0.5 mol L -1 HNO3 was the optimal acidity for all of the ATuGB adsorbents. Also, a higher concentration thiourea solution was needed for desorption when the chains of the chelating groups were longer or more rigid. For both the peak-height absorbance (H) and the peak-area absorbance (A), poorer precisions resulted from the longer or more rigid chains of the chelating groups. In subsequent experiments, ATuGB I was used as the microcolumn packing for the FI on-line preconcentration and separation of Ag(I).
Influence of sample acidity
The influence of the concentration of HNO3 on the absorbances of Ag(I) are shown in Fig. 3 . The optimal acidity of the sample solutions was 0.5 mol L -1 HNO3 for both the peak-area absorbance (A) and the peak-height absorbance (H) evaluating modes. Also the sample acidity had a more evident effect on the peak-area absorbance (A) than the peak-height absorbance (H). Therefore, 0.5 mol L -1 HNO3 was used as the sample media of Ag(I) for other experiments.
Desorption
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A is the peak area absorbance and H the peak height absorbance. peak-area absorbance (A) and the peak-height absorbance (H) of Ag(I) are shown in Fig. 4 . The optimum concentrations of thiourea solution for the peak-area absorbance (A) and the peakheight absorbance (H) were 0.5% and 5.0%, respectively. Considering the remaining washing solution in the microcolumn after sampling and subsequent washing steps, the influence of acids on the adsorption was also studied (Table 3) . It showed that the additions of the acids into the TU solutions led to the decrease of the absorbances. Therefore, 0.5% and 5.0% thiourea were used as the eluent for the peak-area absorbance (A) and the peak-height absorbance (H) evaluating modes. Compared with the eluting time of Ag(I) on ATuSG (30 s), the desorption of Ag(I) on ATuGB I needed shorter time (20 s) for the height-peak absorbance (H). It seemed that the desorption from ATuGB I was shorter than that from ATuSG because the silica used for the ATuSG was porous and had a larger surface area.
The eluting peak shapes of the signals of ATuGB I (Fig. 5  a -c) showed that the higher was the concentration of thiourea, the sharper was the resulting eluting peak. With the same concentration of the analyte and the same experimental conditions as that of the eluting peak (c), the eluting peak of ATuSG (d) was wider. It showed that the desorption of Ag(I) from ATuGB I was more quick than that from ATuSG.
Interferences
The effects of base metal ions and common anions, such as Cl -, NO3 -, SO4 2-, PO4 3-, and ClO -, either coexisting with Ag or introduced into the sample solutions during the sample pretreatment, were investigated ( Table 4) .
The high concentration of Cl -(> 2.0 mg mL -1 ) led to a negative error in the determination of Ag(I) because it complexes with Ag(I) strongly, and competes with the chelating groups on ATuGB I. Other anions, even with concentrations >20.0 mg mL -1 , did not interfere with the determination. Heavy metal ions could not be adsorbed by ATuGB I in the acidic medium used in the present work. The residual sample matrix in the microcolumn could hardly enter the nebulizer owing to the washing procedure after sample loading. Hence, these ions did not interfere with the preconcentration and determination of Ag(I). Au(III) and Pd(II) interfered with the peak-area absorbance (A) of Ag(I) when their concentrations were 200 ng mL -1 , and interfered with the peakheight absorbance (H ) when their concentrations were > 400 ng mL -1 , because they could be adsorbed by ATuGB I. Other noble metals, such as Pt(IV), Ir(IV), Ru(III), and Rh(III), with a concentration of 4.0 mg mL -1 , did not interfere with the determination of Ag(I).
As for ATuSG, a saturated NaCl solution and Au(III), Pd(II) with concentrations of 4.0 mg mL -1 did not interefere with the determination of Ag(I) because silica gel has a larger surface area than that of the glass beads and there is more chelating groups on ATuSG I.
Preconcentration of lower concentrations
The preconcentration and determination from sample solutions with lower concentrations of Ag(I) was investigated. For a convenient comparison of the results, longer preconcentration times were used for lower concentrations of Ag(I). In order to maintain the same amount of the analyte passed through the microcolumn. The results (Table 5) showed that ATuGB I can quantitatively adsorb very low concentrations of Ag(I). The peak-area absorbance (A) and the peak-height absorbance (H) increased with the increasing of the preconcentration time. This was because the washing period of 30 s was not long enough to wash the residual thiourea sufficiently.
The residual thiourea in microcolumn had complexed with Ag(I) which led to decreasing recovery. Because longer washing period would decrease the sampling frequency of the system, 30 s was used as the washing period as a compromise.
Flow rate
The peak-area absorbance (A) and the peak-height absorbance (H) were proportional to the sampling flow rate (Fr) in the studied range. The graphs of the peak-area absorbance (A) and the peak-height absorbance (H) versus the sampling flow rate a. A is the peak-area absorbance and H the peak height absorbance. Because 5.0 mL min -1 was the highest flow rate the pumps could provide, it was used as the sampling flow rate.
Both the peak-area absorbance and the peak-height absorbance achieved the highest values when an eluent flow rate of 3.0 mL min -1 was used. Thus 3.0 mL min -1 was used in the further experiments.
Adsorption capacity and stability
The saturated adsorption capacity of ATuGB I, calculated from the break-through curve was 0.237 µmol g -1 . The breakthrough curve was achieved with 0.10 µg mL -1 Ag(I) in 0.5 mol L -1 HNO3 with a flow rate of 2.0 mL min -1 . This was even smaller than that of ATuSG (10.36 mg g -1 ) because of the smaller surface area. The stability of ATuGB I was very good. Its adsorption property had no change, even after 1000 cycles of adsorption and desorption.
Analytical performance
Characteristic data for the performance of the FI on-line microcolumn preconcentration system for FAAS are given in Table 6 . The precisions of the proposed procedure are satisfactory. They are 0.9 and 0.7 for the peak-height absorbance (H) and the peak-area absorbance (A), respectively. For a sample loading flow rate of 5.0 mL min -1 with a preconcentration time of 60 s, limits of detection (LOD) of 0.50 ng mL -1 and 1.26 ng mL -1 were achieved when the peak-height absorbance (H) and the peak-area absorbance (A) were used as the evaluation mode, respectively. Because the slopes increased proportionally with increasing the preconcentration time, and the standard deviation of blanks had no evident change when the preconcentration time changed, lower detection limits could be achieved with a longer preconcentration time.
The graphs of the peak-area absorbance (A) and the peakheight absorbance (H) versus the concentration of Ag(I) are linear up to 80 ng mL -1 for the peak-height absorbance (H) and 120 ng mL -1 for the peak-area absorbance (A) with a preconcentration time of 60 s.
Analytical application
Three national certified reference ore samples (GBW07204, GBW07205, and GBW07206) were used to evaluate the suitability of ATuGB I as the microcolumn packing for the FI on-line preconcentration and separation of Ag(I). Separation of the sample matrix is necessary to obtain reliable results, even 
Conclusions
The surface area of glass beads is much smaller than that of silica gel. The amount of the chelating group bonded on glass beads and the saturated adsorption capacity of Ag are smaller than that of silica gel. Thus the tolerance of the interferences of ATuGB I is not as good as that for ATuSG. The desorption from ATuGB I is faster than that from ATuSG and the RSD of the peak-height absorbance (H ) of ATuGB I (< 1%) is better than that of ATuSG (> 5%). Thus, a lower limit of detection can be achieved when ATuGB I is used as microcolumn packing material. Compared with ATuSG, a thiourea solution with a lower concentration can desorb Ag(I) which had been adsorbed completely.
Glass beads are a potential support used for microcolumn packing materials, which can be successfully applied in FI online preconcentration and separation when a chelating group with high selectivity is immobilized.
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